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法对腐蚀预损伤铝合金 2524 进行疲劳寿命预测。 














件和光滑板材试验件共 12 条 S-N 曲线。分析了疲劳 S-N 性能数据与腐蚀损伤时
间的关系，发现腐蚀预损伤时间对于材料疲劳行为有一定的影响。基于应力严重
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的吻合。 后，用应力严重系数法估算了腐蚀预损伤 24h 圆孔板材试验件在等幅
载荷下的疲劳寿命及变幅载荷下的疲劳寿命。 
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Abstract 
Corrosion is one major damage mechanisms of aircraft structure, which can 
result in catastrophic failures and disasters. Since the fuselage structures are made of 
high-strength aluminum alloys, when it is subjected to chloride-containing 
environments, pitting corrosion is likely to occur. Corrosion pit as a stress 
concentration source is prone to initiate cracks and for aluminum alloy fatigue cracks 
tend to initiate from corrosion pits. It is generally accepted that stress concentration at 
corrosion pit is related to its depth, surface size and shape. Therefore, the study on the 
relationship between the characteristic parameters of corrosion pit and how to predict 
fatigue life of corrosion damage structure is necessary. 
This thesis mainly discusses the relationship between the geometrical parameters 
of corrosion pit and stress concentration factor, and how to predict fatigue life of 
pre-corroded aluminum alloy 2524 by using stress severity factor (SSF) approach. 
First of all, by using Keyence VHX-600 optical microscope and confocal 
microscope Nikon ECLIPSE L150, the pictures of corrosion pits morphology of 2524 
aluminum alloy are obtained. Considering different characteristic parameters such as 
depth, perimeter, area, surface area of corrosion pits, corrosion damage 
characterization parameters and statistical analysis of corrosion liquid infused time on 
pre-corroded damage are discussed.  
Then, stress distribution of cuboids under uniaxial tension loading at 
hemi-ellipsoidal corrosion pits have been investigated systematically by 
three-dimensional finite element method. The quantitative relation between geometric 
parameters of corrosion pits and SCF is discussed in detail. It is found that pit metric 
parameter ab/2c2 is the key parameter affecting stress concentration factor (SCF) and 
an empirical quantitative relation is given. In addition, we study the contribution of 
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pit and an estimation formula of the SCF is given. Plate specimen with round hole and 
smooth sheet specimen are analysed with finite element method. According to the 
extracted characteristic parameters of corrosion pits, we use single corrosion pit and 
multi-pits modeling to simulate the corrosion damage of the specimens respectively, 
and obtain SCF Kt for specimens after different pre-corroded damage time.  
Finally, we perform high frequency fatigue tests and get S-N curves of 
pre-corroded aluminum alloy 2524. Through analyzing the relationship between S-N 
curves and pre-corroded times, we find the influence of pre-corroded time on fatigue 
behavior of materials. Through several tests we illustrate the validation of the stress 
severity factor (SSF) method and the result agrees well with the test results. At last, 
we predict the fatigue life of plate specimen with round hole after 24h pre-corrosion 
under load spectrum by using SSF approach.  
  
Key Words: Pre-corroded aluminum alloy 2524; Characteristic parameters of 



















第一章 绪 论 ............................................................................................ 1 
1.1 引 言 ............................................................................................................. 1 
1.2 金属腐蚀损伤种类 ....................................................................................... 3 
1.3 腐蚀疲劳的相关研究概况 ........................................................................... 4 
1.3.1 飞机结构腐蚀疲劳研究概览 .............................................................. 4 
1.3.2 国外研究概况 ..................................................................................... 5 
1.3.3 国内研究概况 ..................................................................................... 6 
1.4 点蚀的相关研究概况 ................................................................................... 7 
1.4.1 国外研究概况 ..................................................................................... 7 
1.4.2 国内研究概况 ..................................................................................... 9 
1.5 本文研究内容和意义 ................................................................................. 11 
第二章 腐蚀损伤特征参数提取及统计分析 ........................................ 13 
2.1 引言 ............................................................................................................. 13 
2.2 腐蚀浸泡试验 ............................................................................................. 13 
2.3 图像处理 ..................................................................................................... 15 
2.4 腐蚀损伤特征参数提取 ............................................................................. 16 
2.5 腐蚀浸泡时间对预腐蚀损伤程度的影响 ................................................. 22 
2.6 腐蚀损伤特征参数统计分析 ..................................................................... 28 
2.6.1 深度统计分析 .................................................................................... 31 
2.6.2 深宽比统计分析 ................................................................................ 33 













应力严重系数法对预腐蚀损伤铝合金 2524 疲劳寿命预测研究 
VI 
第三章 腐蚀坑特征参数与应力集中系数相关性研究 ........................ 37 
3.1 引言 ............................................................................................................. 37 
3.2 含腐蚀坑长方体应力集中系数的有限元分析 ........................................ 37 
3.2.1 有限元建模 ....................................................................................... 37 
3.2.2 结果分析与讨论 ............................................................................... 38 
3.3 光滑板材试验件应力集中系数的有限元分析 ........................................ 45 
3.3.1 有限元建模 ....................................................................................... 45 
3.3.2 结果分析与讨论 ............................................................................... 46 
3.4 圆孔板材试验件应力集中系数的有限元分析 ........................................ 52 
3.4.1 有限元建模 ....................................................................................... 52 
3.4.2 结果分析与讨论 ............................................................................... 53 
3.5 本章小结 ..................................................................................................... 58 
第四章 应力严重系数法对预腐蚀损伤铝合金 2524 寿命预测 .......... 59 
4.1 寿命预测方法回顾 ..................................................................................... 59 
4.2 确定疲劳寿命的方法 ................................................................................. 61 
4.2.1 试验法 ............................................................................................... 61 
4.2.2 试验分析法 ....................................................................................... 61 
4.3 疲劳S-N曲线测试 ....................................................................................... 65 
4.3.1 试样形式 ........................................................................................... 65 
4.3.2 试验设备 ........................................................................................... 66 
4.3.3 试验过程和方法 ............................................................................... 67 
4.4 疲劳测试结果及分析 ................................................................................. 68 
4.4.1 疲劳测试结果 ................................................................................... 68 
4.4.2 腐蚀预损伤时间对疲劳S-N曲线的影响 ........................................ 70 
4.5 应力严重系数法试验验证 ......................................................................... 72 
4.6 应力严重系数法对实际结构寿命预测 ..................................................... 76 













厦门大学硕士论文                                                                        目录 
VII 
第五章 总结与展望 ................................................................................ 84 
5.1 总结 ............................................................................................................. 84 



































Chinese Abstract ....................................................................................... I 
English Abstract ..................................................................................... III 
Chapter 1  Introduction ......................................................................... 1 
1.1 Foreword ........................................................................................................ 1 
1.2 Corrosion Damage Types of Matel .............................................................. 3 
1.3 Corrosion Fatigue Research Overview ........................................................ 4 
1.3.1 Overview on Corrosion Damage of Aircraft Structures ....................... 4 
1.3.2 Summary on Overseas Research .......................................................... 5 
1.3.3 Summary on Domestic Research ......................................................... 6 
1.4 Pitting Corrosion Research Overview ......................................................... 7 
1.4.1 Summary on Overseas Research .......................................................... 7 
1.4.2 Summary on Domestic Research ......................................................... 9 
1.5 Content and Significance of This Study .................................................... 11 
Chapter 2  Geometrical Feature Extraction and Statistical Analysis 
of Characteristic Parameters of Corrosion Damage ........................... 13 
2.1 Foreword ...................................................................................................... 13 
2.2 Liquid Infused Corrosion ........................................................................... 13 
2.3 Image Processing ......................................................................................... 15 
2.4 Characteristic Parameters Extraction for Corrosion Pit ........................ 16 
2.5 Effect of Liquid Infused Time on Pre-Corroded Damage ....................... 22 
2.6 Statistical Analysis of Corrosion Pit Characteristic Parameters ............ 28 
2.6.1 Corrosion Pit Depth ............................................................................ 31 
2.6.2 Corrosion Pit Aspect Ratio ................................................................. 33 
2.7 Chapter Summary ....................................................................................... 35 













应力严重系数法对预腐蚀损伤铝合金 2524 疲劳寿命预测研究 
X 
Corrosion Pit and Stress Concentration Factor .................................. 37 
3.1 Foreword ...................................................................................................... 37 
3.2 SCF analysis of Cuboid with Corrosion Pit .............................................. 37 
3.2.1 Finite Element Modeling .................................................................... 37 
3.2.2 Results and Discussion ....................................................................... 38 
3.3 SCF of Smooth Plate Specimen with Finite Element Analyses ............... 45 
3.3.1 Finite Element Modeling .................................................................... 45 
3.3.2 Results and Discussion ....................................................................... 46 
3.4 SCF of Smooth Plate Specimen with a small hole (Kt=3.2) by Finite 
Element Analyses ............................................................................................... 52 
3.4.1 Finite Element Modeling .................................................................... 52 
3.4.2 Results and Discussion ....................................................................... 53 
3.5 Chapter Summary ....................................................................................... 58 
Chapter 4  Fatigue Life Prediction of Pre-Corroded Aluminum 
Alloy 2524 with Stress Severity Factor Method ................................... 59 
4.1 Review on Fatigue Life Prediction ............................................................. 59 
4.2 Methods to Determine Fatigue Life ........................................................... 61 
4.2.1 Experimental Method ......................................................................... 61 
4.2.2 Test Analysis Approach ...................................................................... 61 
4.3 Fatigue S-N Curve Test ............................................................................... 65 
4.3.1 Specimen Types .................................................................................. 65 
4.3.2 Test Equipment ................................................................................... 66 
4.3.3 Test Procedure and Method ................................................................ 67 
4.4 Fatigue Test Results and Analysis .............................................................. 68 
4.4.1 Fatigue Test Results ............................................................................ 68 
4.4.2 Influence of Pre-Corroded Time on Fatigue Properties ..................... 70 
4.5 Experiments to Verify Stress Severity Factor Method ............................. 72 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
